Biochar is a product of the pyrolysis of waste from the process of biomass fermentation. It is the case of a porous carbonaceous material with a compact hydrophobic core of predominantly aromatic structure, sheathed with a shell exhibiting hydrophilic and chemically active properties (surface groups: -OH, C=O, -COOH). One of properties usable in environmental protection is its adsorption ability toward heavy metals and organic pollutants (pesticides, PAHs, pharmaceutical products, industrial wastes). The contribution contains the description of preparation, surface analysis (SEM), identification of functional groups (FTIR) and proposal for possible surface modifications (sonification, oxidation, reduction, hydrothermal pyrolysis with graphene oxide, etc.) with a view to increase the sorption ability of biochar.
INTRODUCTION
The base material for biochar preparation is biomass from various sources [1] , e.g., beef and pig manure, straw, husk of rice and peanuts, maize, soya, wood waste, sludge from sewage treatment plants, etc. After the biomass fermentation process that is to produce a biogas, a residue, so-called digestate, containing mostly a solid (separate) and liquid (fugate) parts, remains. The separate can be treated by pyrolysis at temperatures of 300-600 o C with limited air access or without air access. The temperature of decomposition can be decreased by so-called hydrothermal pyrolysis, in which in addition to decarboxylation, aromatization and condensation, the main reaction is the hydrolysis of cellulose, hemicellulose and lignin. By pyrolysis or hydrothermal pyrolysis, a porous carbonaceous product with a certain content of oxygen and hydrogen, characterized by the C/O and C/H ratios is obtained. These ratios influence other uses of this product.
Adsorption Ability of Biochar
One of the properties of biochar is its ability to adsorb both inorganic substances (ions of heavy metals) [2] [3] [4] [5] and organic contaminants in an aqueous environment as well as in soils, when it as a sorbent prevents or limits the access of undesirable substances to plants. It is the case of a number of mechanisms between the surface of biochar and the adsorbed substance; the mechanisms are electrostatic attraction, chemical bond, intercalation, hydrogen bonds, π-π interaction, pore fixation, hydrophobic interaction, etc. [1] .
Although biochar has turned out to be a universal sorbent for removing undesirable substances from water and soil, its efficiency (e.g. in relation to PAH [6] ) is in some cases lower than that of commercially available sorbents. For this reason, a physicochemical modification is often considered both in proper biomass pyrolysis and after pyrolysis performed. A modification (change in functional groups) can be carried out by oxidation [7] [8] [9] , amination [10] , sulfonation [11] and esterification [12] .
Other Biochar Applications
Biochar can, thanks to its high resistance, partially solve the necessity of reducing CO 2 emissions by carbon sequestration (deposition) in soils [13] . Another advantage is an increase in soil fertility [14] and the stimulation of crucial rhizobial microorganisms [15] , which improves plant growth conditions. Moreover, biochar can be used as a heterogeneous catalyst with wide application and for energy storage and conversion (supercapacitor, lithium battery) [16] . Its fast commercialization is expected [17] .
Experience acquired in the area of inorganic chemistry of carbon (graphene oxide, fullerenes, intercalary compounds) led to the execution of certain experiments concerning biochar modification for the purpose of applications other than in agriculture. For this reason, this research focused on future application of biochar in the area of decontamination of highly hazardous substances (active sorbent).
The initial experiments focused on the modification of biochar surface structures with the use of sonification, reduction, oxidation, hybridization, etc. e) Biochar suspension (I), i.e., 1.0 g of biochar in 400 ml of H 2 O 2 , was stirred at a temperature of 50 o C for 24 hours. Subsequently, the suspension was filtered; the filtrate was washed with distilled water to a neutral pH and the product (VI) was dried at a laboratory temperature for a long time. The product (VI) was subject to FTIR and SEM analyses. f) Biochar suspension (I), i.e., 1.0 g of biochar in 400 ml of peracetic acid, was stirred at a temperature of 50 o C for 24 hours. Subsequently, the suspension was filtered; the filtrate was washed with distilled water to a neutral pH and the product (VII) was dried at a laboratory temperature for a long time. The product (VII) was subject to FTIR and SEM analyses. g) Joint oxidation of graphite (1.5 g) and biochar (I) in a 0.7 g weighed portion was carried out by the mixture of NaNO 3 (3.0 g), KMnO 4 (7.0 g) and concentrated H 2 SO 4 (52 ml). This oxidation mixture was stirred at a temperature of 55 o C for 2.5 hours. After that, it was decomposed with distilled water, decanted, and H 2 O 2 and HCl were added. Repeated centrifugation and another decantation to a neutral pH and a negative reaction to sulphate ions followed. The concentrated product (VIII) was further processed to a foil (VIII a ) and lyophilized (VIII b ).
RESULTS AND DISCUSSION
For the identification of functional groups and surface morphology of biochar and reaction products, above all infrared spectroscopy (FTIR) and electron microscopy (SEM) were used. In selected cases, specific surface areas and volumes of micropores and mesopores were determined.
Biochar (I) -its Sonification, Oxidation and Reduction
Sonification performed in an aqueous and basic environment has turned out to be the simplest and simultaneously the most economically advantageous method of biochar treatment aimed at improving its properties. By SEM analysis, differences in morphology of surface of original biochar without modification, see Fig. 1a ), and biochars after treatment by sonification, see Fig. 1b), 1c) , when the strong refinement of particles to micro and nano sizes occurred, have been proved. Biochar (I a ) after sonificationwas lyophilized and subsequently a fibrous fine product was obtained, see Fig. 2a ). It follows from the comparison of photos of the product of biochar (I a ) before lyophilization, see Fig. 1b ) with photos of that after lyophilization, see Fig. 2b ) that any substantial structural changes have not occurred, and thus it can be concluded that in this case the lyophilization is of no use. The aim of biochar oxidation was to introduce new polar groups on its surface, which was accomplished by oxidation with H 2 O 2 or with peracetic acid. The basic difference between acquired IR-spectra of biochar (I) and those of its oxidation products (VI, VII) is in the values of intensity of absorbances of the whole spectrum, Figs. 3 -5. Table I . contains also the results of IR spectra of graphene oxide for mutual comparison [18] . This comparison shows a similarity between these oxidized types of carbon compounds concerning the functional groups on the C-skeleton and their aromatic character (about 1600 cm -1 ). From the comparison of SEM images of product (I) and oxidized products (VI, VII), see Fig. 6a ) -6c), the difference caused by the oxidation of product (I) leading to the refinement of particles is evident. The aim of reduction of biochar (I) was, on the contrary, an increase in lipophilicity of its surface. As a reducing agent ascorbic acid was used; it was also used for the reduction of graphene oxide and its hybrid compounds with fullerene [30] and can also reduce AgNO 3 to silver nanoparticles [19] . Reduction was done in the case of biochar and its mixtures with AgNO 3 . The reduction of the mixture was observed to find whether after the reduction of Ag cations, the fixation of nanosilver in the biochar structure could occur, which would probably lead to enhancing its use thanks to antibacterial properties.
As in the case of biochar oxidation, the basic difference exists here in the value of absorbance between the reduced products (IV) and (V), Figs. 7 -8, and the biochar (I), see Fig. 3 . Also in this case, the reduction of part of the -OH groups and absorbances in the range of 2700 -3000 cm -1 , which can be assigned to the C-H valence vibrations both sp 3 and sp 2 , and arenes, took place. A pair of central peaks at 2908 cm -1 and 2834 cm -1 , which differs in the value of absorbance from the set of other vibrations of the above mentioned range, can be assigned to the C-H bond in the case of aldehyde group. In both the products, it is the peak at the wavenumber of 1030 cm -1 , which is characteristic of C-O vibrations, that is dominant in the spectrum. Variants of assignment of functional arrangement are given in Table I . As well, the SEM analysis has proved striking differences in morphology and composition of the product (I) after its reduction, see Fig. 9 . Not only refinement of the original material took place, see Fig. 9b ), but also expected Ag segregation in the reduction product (V) occurred, see Fig. 9c ). 1) for the foil, and in the case of the product (VIII b ) this ratio is (1 : 3), see Fig. 12 and Fig.  13 . In the spectrum of the foil in the range of valence vibrations of the -OH and C -H groups, several tens of specific vibrations of these functional groups were recorded. In the case of the product (VIII b ), the absorbance is in the range of 2500 -3500 cm -1 compact with the maximum at 3168 cm -1 . The structure of a cut through the foil was identified by means of scanning electron microscopy. That has proved a regular lamellar structure, see Fig. 14d ), which was more homogenous than that of the foil after the joint oxidation of graphite and C 60 . As for the product (VIII b ) , what is meant is a fine, cobweb-like 3D structure, see Fig. 14a) -14c) . 
CONCLUSION
All technologies, including biotechnologies produce so-called "wastes" that have not, from the point of view of environmental impact, optimal properties. One of the methods for reducing the toxicity of waste produced by biomass gasification is the preparation of biochar (by digestate pyrolysis) and subsequently its modification. By simple chemical and physicochemical methods we modified the morphology of biochar and its surface composition, including the insertion of nanoparticles into its structure. By joint oxidation with graphite, a hybrid compound that enables the preparation of foils and by means of lyophilisation a material with a large specific surface area can be prepared. Another part of research will focus on the determination of adsorption ability of modified biochars and their ecotoxicity.
